Objectives: We hypothesized that distinct sets of functional trajectories can be identified in the year before and after major surgery, with unique transition probabilities from pre to postsurgical functional trajectories, and that outcomes would be better among participants undergoing elective versus nonelective surgery. Background: Major surgery is common and can be highly morbid in older persons. The relationship between the course of disability (ie, functional trajectory) before and after surgery in older adults has not been well-studied for most operations. Methods: Prospective cohort study of 754 community-living persons 70 years or older. The analytic sample included 250 participants who underwent their first major surgery during the study period. Results: Before surgery, 4 functional trajectories were identified: no disability (n ¼ 60, 24.0%), and mild (n ¼ 84, 33.6%), moderate (n ¼ 73, 29.2%), and severe (n ¼ 33, 13.2%) disability. After surgery, 4 functional trajectories were identified: rapid (n ¼ 39, 15.6%), gradual (n ¼ 76, 30.4%), partial (n ¼ 70, 28.0%), and little (n ¼ 57, 22.8%) improvement. Rapid improvement was seen for n ¼ 31 (51.7%) participants with no disability before surgery, but was uncommon among those with mild disability (n ¼ 8, 9.5%) and was not observed in the moderate and severe trajectory groups. For participants with mild to moderate disability before surgery, gradual improvement (n ¼ 46, 54.8%) and partial improvement (n ¼ 36, 49.3%) were most common. Most participants with severe disability (n ¼ 27, 81.8%) before surgery exhibited little improvement. Outcomes were better for participants undergoing elective versus nonelective surgery. Conclusions: Functional prognosis in the year after major surgery is highly dependent on premorbid function.
B
y 2030, one-fifth of the US population will be 65 years or older, and persons 85 years or older are the fastest growing segment of the population. 1 Clinically, one of the most common and potentially debilitating events that older persons face is major surgery. More than 4 million major surgical operations are performed annually in the United States on older patients. 2 Despite the increasing number of surgical operations, relatively little is known about the outcomes that matter most to older patients, including return to premorbid function. [3] [4] [5] [6] Older persons consistently indicate that maintaining independent function is their top priority. 7 To inform clinical decisionmaking for older patients, their families, and policy makers, there is a critical need for high-quality data on the course of disability before and after major elective and nonelective surgery.
Prior research has largely focused on functional outcomes for specific types of major surgeries. These studies have examined hip fracture, [8] [9] [10] cardiac, 11 abdominal, thoracic, 12, 13 colon, 14 vascular, [15] [16] [17] and cancer surgery. 18, 19 In addition, one recent retrospective study examined multiple types of surgery. 20 Outcomes were generally poor, with rates of functional decline 2 years after surgery as high as 61%. 21 To our knowledge, no prior prospective study has evaluated functional outcomes for both major nonelective and elective surgeries.
We used data from a unique longitudinal study of older persons who have been followed monthly for over 15 years, providing us with a unique opportunity to rigorously evaluate the course of disability surrounding major surgery. We hypothesized that distinct sets of functional trajectories can be identified in the year before and after major surgery, with unique transition probabilities from pre to postsurgical functional trajectories, and that outcomes would be better among participants undergoing elective versus nonelective surgery.
METHODS

Study Population
Participants were drawn from an ongoing longitudinal study of 754 community-living persons, aged 70 years or older, who were initially nondisabled in their basic activities of daily living. 22, 23 Potential participants were members of a large health plan and were excluded for significant cognitive impairment with no available proxy, 24 life expectancy less than 12 months, plans to move out of the area, or inability to speak English. Physically frail persons were identified based on slow gait speed, which was defined as a timed score greater than 10 seconds on the rapid gait test, that is, walk back and forth over a 10-ft (3-m) course as quickly as possible. 25 Frail persons were oversampled based on initial sample size calculations. 26 Only 4.6% of persons refused screening, and 75.2% of those eligible agreed to participate and were enrolled from March, 1998 to October, 1999. Persons who refused to participate did not differ significantly from those who were enrolled in terms of age or sex. The study was approved by the Yale Human Investigation Committee, and all participants provided informed consent.
From the
Data Collection
Comprehensive home-based assessments were completed at baseline and subsequently at 18-month intervals for 180 months through December, 2013 (except at 126 months), while telephone interviews were completed monthly through December, 2014. For participants who had significant cognitive impairment or were otherwise unavailable, a proxy was interviewed using a rigorous protocol, with demonstrated reliability and validity. 24 Deaths were ascertained from the local obituaries and/or an informant during a subsequent interview. 623 (82.6%) participants died after a median of 100 months, whereas 43 (5.7%) dropped out of the study after a median of 27 months. Data were otherwise available for 99.2% of the 81,844 monthly interviews. During the comprehensive assessments, data were collected on demographic characteristics; 9 self-reported, physician-diagnosed chronic conditions; cognitive status; 27 depressive symptoms; 28 and physical frailty.
Assessment of Disability
Complete details regarding the assessment of disability are provided elsewhere. [29] [30] [31] During the monthly interviews, participants were asked, ''At the present time, do you need help from another person to (complete the task)?'' for each of 4 basic activities (bathing, dressing, walking, and transferring), 5 instrumental activities (shopping, housework, meal preparation, taking medications, and managing finances), and 3 mobility activities (walk 1/4 mile, climb flight of stairs, and lift/carry ten pounds). For these 12 activities, disability was operationalized as the need for personal assistance or inability to do the task. Participants were also asked about a fourth mobility activity, ''Have you driven a car during the past month?'' Participants who responded ''No'' were considered to be disabled in driving. 31 To address the small amount of missing data on disability, multiple imputation was used with 100 random draws per missing observation. 32 
Ascertainment of Major Surgeries
Centers for Medicare and Medicaid Services (CMS) records and monthly interview data on self-reported surgeries, verified by chart review, were used to identify participants who had undergone any major operation. Operations were chosen and identified based on International Classification of Diseases, 9th revision (ICD-9) procedure code, by comparing the code found in either the CMS record or chart to a list of codes corresponding to major surgeries that was used in a previously published study in the Lancet by Kwok et al. 33 These investigators ''examined a prespecified conservative definition of surgery, only including procedures that occurred in the operating room,'' which was a consensus definition among experienced surgeons. Dr Kwok graciously provided us with the listing of procedures that fulfilled their ''conservative'' definition of major surgery for our analysis. A total of 360 cases were identified: 226 (62.8%) via Medicare claims and 134 (37.2%) via self-reported admissions for surgery that were confirmed by hospital chart review. We restricted our analysis to participants' first major surgeries during the study period, of which 2 were excluded because they did not have a preceding comprehensive assessment, leaving 269 potential cases. During the editorial review, 19 of these cases were deemed not suitable for inclusion as major surgeries, including procedures related to implanted pacemakers and defibrillators, toe amputation, tracheostomy placement, percutaneous vertebroplasty, implant of pulsation balloon, placement of inferior vena cava filter, and blepharoptosis repair, leaving 250 in the analytic sample. We categorized each major surgery as neurologic (for brain and spine surgeries), cardiothoracic, abdominal-GI, musculoskeletal, vascular (for endovascular surgeries, noncoronary bypass grafts, and amputations) or other (including thyroidectomies, major breast operations, extensive lymph node excisions, burn debridements, and skin grafts), depending on the ICD-9 procedure code. Major surgeries identified from CMS records were categorized as elective or nonelective by a CMS indicator variable, 34 which is set by hospital claims departments according to the acuity of the admission. Those identified by self-report and chart review were categorized as elective or nonelective based on the history in the chart. For example, any admission through the emergency department for major surgery was categorized as nonelective.
Statistical Analysis
To identify functional trajectories before and after major surgery, we used latent class analysis, which is a form of trajectory modeling that fits a semiparametric (discrete) mixture model to longitudinal data using the maximum likelihood method. 35, 36 This method allowed us to simultaneously estimate each participant's probabilities for membership in multiple trajectories, with assignment to a specific trajectory based on the highest probability of membership. The Bayesian Information Criterion was used to determine the number of pre and postsurgery trajectories. 35, 37 We required that the average probability of group membership for each trajectory be greater than 0.9, denoting an excellent fit, and that each trajectory group include a minimum of 10% of the analytic sample. 38 For each set of pre and postsurgery trajectories, we modeled the total number of disabilities, ranging from 0 to 13, for 12 consecutive months, as a 0-inflated Poisson distribution. Eight (3.2%) participants died after surgery, but before their first posthospitalization monthly interview, and were counted as a separate postsurgery group. Median survival after surgery across the presurgery trajectories was computed with Kaplan-Meier analysis and compared using the log-rank test.
Next, we jointly modeled the number of disabilities for each month in the year before and after surgery as a zero-inflated Poisson distribution. This allowed us to estimate the probabilities of membership in each postsurgery trajectory, conditional on membership in each presurgery trajectory. The probabilities were calculated with Bayes' rule, and the corresponding 95% confidence intervals (CIs) were estimated with a first-order Taylor series expansion. The multivariable model was adjusted for age, sex, race, high school education, number of chronic conditions, cognitive impairment, depressive symptoms, and physical frailty, 38 and also type of surgery, which was categorized as abdominal, musculoskeletal (the 2 largest subgroups), or other. To account for possible temporal changes in surgical and hospital care during the study period, the year of surgery was also included as a covariate. The corresponding 95% CIs were estimated using a bootstrap with 1000 samples. These analyses were repeated separately for elective and nonelective major surgeries, respectively.
All analyses were performed using SAS V9.4 (SAS Institute, Cary, NC), and P < 0.05 (2-tailed) was used to indicate statistical significance.
RESULTS
Among the 269 participants with a first major surgery, 109 (40.5%) underwent nonelective, whereas 160 (59.5%) underwent elective surgery. A complete listing of these surgeries is provided in Supplemental Table 1 (http://links.lww.com/SLA/B366). The most common type of major surgery was musculoskeletal (n ¼ 99, 39.6%), followed by other (n ¼ 44, 17.6%); abdominal-GI (n ¼ 41, 16.4%); vascular (n ¼ 33, 13.2%); cardiothoracic (n ¼ 17, 6.8%); and neurologic (n ¼ 16, 6.4%). The ''other'' category included operations on the male (n ¼ 17) and female (n ¼ 16) genital and urinary tracts; breasts, skin grafts, and lymph nodes (n ¼ 8); parathyroidectomy (n ¼ 1); partial thyroidectomy (n ¼ 1); and septoplasty (n ¼ 1). Table 1 shows the characteristics of participants who underwent major surgery. Among all participants, the mean age was 82.4 years. Two-thirds of participants were female, and most were white and had completed high school. Before surgery, participants had an average of 2 chronic conditions, and slightly less than half-lived alone. There was a relatively low prevalence of cognitive impairment and depressive symptoms. Participants who underwent elective surgery were slightly older and had a higher prevalence of cognitive impairment and physical frailty than those who underwent nonelective surgery, but other demographic characteristics did not differ significantly between the nonelective versus elective groups. The types of surgeries differed between the nonelective and elective groups (P < 0.001), with the largest differences observed for other, vascular, and abdominal.
As shown in Fig. 1 , 4 distinct functional trajectories were identified in the year before surgery: no disability (n ¼ 60, 24.0%), and mild (n ¼ 84, 33.6%), moderate (n ¼ 73, 29.2%), and severe (n ¼ 33, 13.2%) disability. The severity of disability did not change over the year except for a small but significant linear increase in the moderate trajectory (from 2.6 at 12 months to 3.9 at 1 month before surgery). In the year after surgery, overall mortality was 13.6% (n ¼ 34), whereas mortality for the no disability, and mild, moderate, and severe trajectories was 13.3%, 7.1%, 19.2%, and 18.2%, respectively (test for trend, P < 0.001).
In the year after surgery, 4 functional trajectories were identified: rapid (n ¼ 39, 15.6%), gradual (n ¼ 76, 30.4%), partial (n ¼ 70, 28.0%), and little (n ¼ 57, 22.8%) improvement. Eight participants (3.2%) died after surgery, but before the first posthospital interview, and so could not be assigned to a postsurgery trajectory. The severity of disability immediately after surgery was highest for participants having little improvement, lowest for those having rapid improvement, and intermediate for those having gradual or partial improvement. At 12 months postoperatively, over 50% of participants had more than 4 functional deficits, compared with only 13% of participants preoperatively.
The unadjusted probabilities of transitioning from the pre to postsurgery functional trajectories, including early death, are provided in Table 2 , stratified by elective versus nonelective surgery. Only participants with no or mild disability presurgery experienced rapid improvement after surgery; and about half of the participants with no disability before surgery had rapid improvement. Gradual improvement was observed for participants in the no, mild, or moderate presurgery trajectories, but not for those in the severe presurgery trajectory. Most participants in the severe disability presurgery trajectory had little improvement, particularly among those who underwent nonelective surgery. In general, outcomes for participants undergoing nonelective surgery were worse, with smaller percentages of participants in the more favorable postsurgery trajectories compared with those who underwent elective surgeries.
As shown in Table 3 , the characteristics of participants who underwent major surgery differed significantly by presurgery functional trajectory. Participants in the less favorable trajectories were older, had more chronic conditions, were more likely to be female, less likely to have completed high school, and more likely to be cognitively impaired, have depressive symptoms, and be physically frail. The transition probabilities adjusted for these characteristics, and also type of surgery and year of surgery, are shown in Fig. 2 . Overall, the adjusted values suggest slightly less favorable outcomes after surgery, with point estimates shifted slightly towards worse improvement in the moderate and severe presurgery trajectories. All the adjusted results, however, were within the 95% CIs of the corresponding unadjusted transition probabilities. For nonelective major surgeries, there was a small shift in probability from partial to little improvement in the moderate disability trajectory. For elective surgeries, there were small shifts toward better improvement in the no and mild disability functional trajectories, and toward worse improvement in the moderate trajectory.
DISCUSSION
In this prospective longitudinal study, we identified functional trajectories before and after major surgery in a large cohort of older persons. After adjustment for several covariates, including physical ôDefined on the basis of slow gait speed, as described in the ''Methods'' section. jjCategorized based on ICD-9 code as described in the ''Methods'' section. SD indicates standard deviation.
frailty, we found that functional trajectories before and after surgery were tightly linked. Older persons with no disability before surgery transitioned to a trajectory of rapid improvement about half of the time. For those with moderate or severe disability before surgery, however, transition to a favorable postsurgery trajectory was uncommon. Nonelective surgery was associated with worse functional outcomes than elective surgery. These results provide new information about the course of disability before and after major surgery in older persons.
Major surgery is a common and often highly morbid event in older persons; it is a leading cause of disability and loss of independence, which is strongly associated with subsequent mortality. 39, 40 Recent work by Berian et al 20 showed that loss of independence after surgery was strongly associated with readmission and postoperative complication across a wide spectrum of surgeries. Functional dependence is also associated with other adverse outcomes, such as nursing home placement and greater use of formal and informal home services, [41] [42] [43] [44] all of which place a substantial burden on older 1 2 3 4 5 6 7 8 9 10 11 persons, informal caregivers, and health care resources. Few prior studies have evaluated functional outcomes among older persons after major surgery. In a recent systematic review, 21 Oresanya et al identified 28 studies that examined preoperative clinical features associated with mortality and 27 that examined factors associated with nonmortality outcomes. Of the latter, 19 focused on hospital complications, 5 evaluated discharge location, and only 3 evaluated postoperative functional decline. 8, 12, 14 Our results can be used to inform complex perioperative management decisions in older persons and to set expectations during patient and family discussions. Although additional research is needed, one possibility might be to use visual aids to help older patients identify which of the 4 preoperative functional trajectories best depicts their course during the prior year. This information could be used to counsel patients about functional prognosis after surgery. For both nonelective and elective surgery, our results can help align patient, family, and provider goals and expectations, and inform clinical decision-making. Our results should be broadly applicable because older persons were included with all levels of presurgery disability, ranging from none to severe, and because they were robust to adjustment for multiple covariates including frailty and type of major surgery.
A recent ''Perspective'' in the NEJM suggested that surgical decision-making for high-risk patients, including vulnerable older persons, needs to be redesigned. 45 For elective surgeries, this might entail discussion of an overall management plan by a multidisciplinary team, including assessments of functional status and comorbidities. If the decision was made to proceed with surgery, it could be beneficial to coordinate preoperative ''optimization'' through ''prehabilitation.'' 46 This might include preoperative exercise training, respiratory-muscle training, balance exercises, and even walking programs. Nonelective surgeries carried a higher risk of poor functional outcomes in our study, a finding that should encourage honest discussions with patients and families about the short and long-term functional prognosis with and without surgery, together with the patient's goals and preferences. In the setting of urgent or emergent surgery, detailed functional assessments are often not possible, so discussions might focus instead on the likelihood of ''surrogate'' functional outcomes such as returning home. Furthermore, when the goal is to relieve pain or another symptom, surgery might be considered successful even in the absence of functional recovery.
Building on the results from the current study, future research should identify the factors, especially those that are modifiable, that are associated with disability burden and poor functional recovery among older persons who undergo a major surgical procedure. These factors could then serve as the basis for evidenced-based, prehabilitation interventions designed to improve functional outcomes after major elective surgery. For nonelective surgeries, additional research is needed to facilitate goals-of-care discussions, especially when the likelihood of functional recovery is poor.
Our study included monthly assessments of functional status over an extended period, with few missing data and few losses to follow-up for reasons other than death. To the best of our knowledge, comparable data are available in no other study. Additional strengths of the study include the high participation rate, use of Medicare claims data and medical records to ascertain and/or confirm all hospitalizations for operations, focus on major surgeries, and ability to distinguish elective versus nonelective surgeries.
Nonetheless, our results should be interpreted in the context of several potential limitations. First, the functional trajectories were based on self-reported information rather than objective measures of physical capabilities, such as the 6-minute walk. The frequency of our assessments necessitated the use of self-reported function, which included a comprehensive array of basic, instrumental, and mobility activities with demonstrated reliability. [29] [30] [31] Second, information was not available on receipt of restorative interventions that could have altered the postoperative course. Third, because the number of cases was relatively modest, the major surgeries were grouped into broad categories, and specific operations within these categories were not analyzed separately. Our definition of major surgery was less inclusive than that used by Kwok et al, 33 and information was not available on the relative invasiveness of the different surgical procedures. Fourth, information on the administration of general anesthesia was not available. Finally, because our study participants were members of a single health plan in a small urban area and were oversampled for physical frailty, our results may not be generalizable to older persons in other settings. Our study population reflects the demographic characteristics of persons aged 65 years or older in New Haven County, CT, which are comparable with the whole United States, except for race/ethnicity 47 (New Haven County has a larger proportion of non-Hispanic whites in this age group than the United States, 91% vs 84%). Moreover, because major surgeries were identified within the context of an ongoing longitudinal study, with few exclusion criteria, our results may be more generalizable than those of prior studies that have enrolled an inception cohort of older patients who underwent a major surgery, met the relevant inclusion and exclusion criteria, and agreed to participate.
CONCLUSIONS
In summary, our study indicates that long-term function after major surgery among older persons is highly dependent on function before surgery. Older persons undergoing surgery rarely improved their function and frequently experienced functional decline. Outcomes were worse for nonelective surgery. When evaluating older persons for operative intervention, in either elective or urgent settings, an assessment of functional status is paramount. In persons 
